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INTRODUCTION 
For several years, the French Atomic Energy Commission (CEA) has developed a 
system called CIVA for muHiple-technique NDE data acquisition and processing [1]. 
Modeling tools for uHrasonie non-destructive testing have been developed and 
implemented within this system allowing direct comparison between measured and 
predicted resuHs. Thesemodels arenot only devoted to Iabaratory uses but also must be 
usable by ultrasonic operators without special training in simulation techniques. Therefore, 
emphasis has been on finding the best compromise between as accurate as possible 
quantitative predictions and ease, simplicity and speed, crucial requirements in the 
industrial context. 
This approach has led us to develop approximate models for the different 
phenomena involved in uHrasonie inspections : radiation, transmission through interfaces, 
propagation, scattering by defects and boundaries, reception etc. Two main models have 
been implemented, covering the most commonly encountered NDT configurations. A first 
one, called Champ-Sons [2,3], is devoted to the computation of the uhrasonie fields 
radiated by arbitrary transducers into pieces under inspection. A second one, called 
Mephisto [4,5], simulates the examination by predicting the echo-structure for each 
scanning position of the probe. 
At first, these two models are shortly described. Then, two examples of their 
applications are shown. Based on the same underlying theories, specific modeling tools are 
proposed to industrial partners to answer special requirements. To illustrate this, an 
example is given of a software used as a tool to help expert's interpretation during on-site 
french PWR vessel inspections. Other models can be implemented in CIVA when some 
assumptions made in the previous models Champ-Sons and Mephisto arenot fulfilled, e.g., 
when less-conventional testing configurations are concerned. We briefly present as an 
example a modeling study of echoes arising from cladded steel surfaces achieved in the 
Iabaratory. 
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MODELS 
The model Champ-Sons has been developed to compute the ultrasonic field 
produced in an inspected piece by a wide or narrow-band transducer in contact or immersed 
in a coupling liquid. The input data are the transducer parameters and the piece 
characteristics. The present version deals only with isotropic and homogeneous materials, 
and with planar and cylindrical geometry of pieces. In the cylindrical case the probe can be 
located inside or outside the cylinder, the plane of incidence may be parallel or 
perpendicular to the generatrix. The extension to irregular surfaces and the generalisation to 
multilayer or non-homogeneous media are in progress. All the commonly used transducers 
can be modeled: in contact or immersed transducers, planar or focused monolithic 
transducers and phased array transducers. In the case of monolithic focused transducers the 
focusing can be achieved by shaping the piezoelectric unit or by adding an acoustic lens. 
The emitting surface can be spherical, toroidal (bifocal or trifocal surfaces) or computed by 
a specific modeling program to give focusing at a given depth in the piece, and leading to a 
so-called "Fermat transducer". 
The model adopted in Champ-Sons has been extensively described in this review 
[2-4]. Consequently we only briefly recall here the main features of the underlying theory. 
The model consists in combining the Rayleigh integral representation of the radiated field 
with geometrical optics approximation to take into account the wave transmission at the 
piece boundary. Then the longitudinal and transverse components of the elastic field in the 
specimen are computed separately. Specific developments have been made to account for 
transmission at curved boundaries [4]. The case ofphased array transducers can be derived 
from the monolithic case by summing the contributions of all the active elements [5,6]. 
Comparisons of the Champ-Sons predictions either with experimental results [2] or 
with those from finite-element calculations [3], show that the model is accurate as long as 
the contribution of surface waves can be neglected, i.e., as long as the distance between the 
field point and the interface is greater than around one wavelength. 
The second modeling tool implemented in CIVA is called Mephisto. It is a 
simulation software devoted to predict the ultrasonic scans from a priori knowledge of the 
piece and the defects within. In the present version, Mephisto only deals with homogeneous 
and isotropic materials. The piece can be planar, cylindrical or have more complex 
geometry (see below). The defects can be either planar or volumetric (spherical voids, 
drilled side hole etc.). 
The Mephisto model has also been already described in this review [7]. The major 
assumption of the model is that the ultrasonic field in the specimen is known, that is has not 
to be computed. Hence Champ-Sons and Mephisto are complementary : a field computed by 
Champ-Sons can be inputted as data to Mephisto. Connecting the two programs is ensured 
by the CIVA environment. 
The main approximation of the model consists in making far field assumptions in the 
beam-defect interaction area. In the case of a focused transducer we assume that the incident 
wavefronts on the defect are plane, which is equivalent to saying that the defect is located in 
or near the transducer focal area. In the case of a planar transducer the incident wavefronts 
on the defect are assumed to be spherical. In both cases the field is approximated for the 
product of a spatial function describing the amplitude distribution in the beam and a retarded 
waveform. 
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The echo formation is modeled assuming reciprocity between emission and 
reception. The interaction between the incident ultrasonic beam, which, in general, has 
longitudinal and transverse components, and the defect applies Kirchhoffs diffraction theory 
adapted to elastodynamics. The contributions of all the infinitesimal surface elements 
distributed over the flaw are summed. Each contribution is expressed as the convolution of 
the incident field and the inverse Fourier transform of the diffraction coefficient. Allowance 
is made for wave mode conversions, but the possible propagation of creeping waves at the 
flaw surface is, as yet, neglected. In addition to echoes corresponding to direct paths between 
the transducer and defect, those resulting from successive reflections (with or without wave 
mode conversion) on the boundaries and the defect are also processed. It is for example the 
case of the so-called corner effect echoes [8,9]. 
The computation is directly carried out in the time domain. Mephisto provides a 
Cscan output, from which one can extract, using CIVA imaging, Bscan or Dscan images as 
weil as the echodynarnic curves or Ascan signals. Comparisons with experimental results 
have shown that Mephisto weil predicts, not only of the position and timeofflight of the 
echoes, but also their amplitudes and pulse shapes [7 -9]. Thanks to these performances an 
inverse method using Mephisto as forward model has been recently proposed for crack 
characterization from Bscan images [10]. 
EXAMPLES OF APPLICA TION 
Optimization of Tubes Inspection 
A first examp1e of an application of the above modeling tools is a study devoted to 
tubes inspections [11]. The steel tubes manufactured by the Vallourec company are 
submitted to an ultrasonic testing. 
Traducteur I Controlc I Ocf Ca,cul I 
Figure 1. Champ-Sons display. Computation of the transverse component of the 
ultrasonic fie1d produced by a focused transducer in a tube. 
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The diameters of the tubes vary from a few miJlimeters up to 400 millimeters, and the 
thickness range from less than one millimeter up to 40 millimeters. The seeked defects are 
breaking notches located at the inner or outer surfaces of the tubes. These notches appear 
during the drawing and rolling of the tubes. The ultrasonic testing of the tubes is performed 
automatically. The tubein rotating motion is Iocally immersed and a focused transducer 
working in pulse echo mode is used. Foreach tube geometry the angle of incidence is 
chosen in order to optimize the detection performances and for each angle of incidence a 
threshold for the amplitude of the reflected signal is fixed. A software derived from 
Mephisto has been developed to optimize the inspection parameters for each tube 
geometry. The ultrasonic field in the tube is calculated by Champ-Sons and the model 
Mephisto is used to predict the Bscan image obtained when the tube contains notches. A 
field calculation made as part of this work is shown Figure l and Figure 2 illustrates the 
Mephisto computation. The modeled configuration is schematized on the top of Figure 2. 
The tube is inspected by a L45° focused transducer and contains an internal notch. We can 
see in the computed and measured Bscan the same echo structure. Three echoes are 
produced by the notch. They arise from longitudinal (LLL), transverse (TTT) and "mixed" 
(LLT +L TT) corner effects. 
a) 
c) 
Figure 2. Simulation of a tube inspection. a) testing configuration; b) measured Bscan; 
c) Bscan computed by Mephisto. 
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Complex Backwall Geometry 
This application has been developed for the French Company of Electricity (EDF) 
to study the feasibility of weid inspection when the backwall geometry of the piece to 
inspect is complex (see Figure 3). Relative to the case of a simple geometry, a complex 
geometry can modify the classically observed echo-structure in two ways. First, echoes 
from sloop discontinuities as weil as specular reflection from parts of the ba"Ckwall surface 
are generated. They may be confused for indications of defects or may superimpose to 
them. 
Figure 3. Mephisto display. Simulation of the testing of a component with complex 
backwall geometry. 
a) 
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Figure 4. Simulation of the inspection of a component with complex backwall 
geometry. a) testing configuration; b) measured Bscan; c) Bscan computed by Mephisto. 
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Second, corner effect echoes can be modified by a complex backwall geometry. The aim of 
this work was to study the performances of a given testing configuration in the presence of 
such a complex geometry. Figure 4 compares Bscan images predicted and measured for the 
geometry shownon Figure 3. Predicted Bscan helps greatly the interpretation of the 
complex echo-structure observed on the measured Bscan. 
Software for On-Site Expertise 
A software has been written for Intercontröle company on the basis of the two 
models Champ-Sons and Mephisto as a tool to help expert's interpretation of indications in 
the context of on-site inspection of PWR vessel. The software Iimits the set of inputted 
parameters according to the application. For example, the parameters defining the 
transducer actually used during a given measurement are automatically fixed by the 
acquisition system as input data for the computations. Risks of inputting wrong data is 
therefore reduced. In the same way the description of the piece (geometry, materials) as 
weil as that of the testing configurations are recorded and cannot be changed by the 
operator. The operator can only define the defects into the component. He chooses their 
position and disposes of number of free parameters to describe them. 
The display of the software output and the acquisition data are of the same format 
allowing a Straightforward comparison. The expert can then confirm or not his guess by a 
direct comparison of measured with predicted data (A and Bscans, echodynamic curves 
etc ... ). Tobe actually used as a tool, the softwarewas required to run as fast as possible. In 
this purpose, the fields radiated by the various transducers used for the inspection under 
concern have been pre-computed by Champ-Sons and are automatically inputted to the 
Simulation. 
The software may also be used as a tool for experts training. lt is indeed possible to 
run number of examples with varying parameters so as to show their influence on echo-
structure. The software has also been used for the conception of new calibration blocks, 
specific to the inspection configurations. 
Modeling of Cladded Surface Echoes 
Another application concerning PWR inspection has needed new modeling 
developments. The vessel being a ferritic steel component, an austenitic cladding is 
performed on its internal surface to provide corrosion protection. In some plants the surface 
is not grinded and shows irregularities such as grooves due to pass overlaps. These 
irregularities generate strong echoes that make more difficult the analysis of echographies. 
The probe is an immersed transducer generating in the component L45° or L60° focused 
beam. The irregular surface being not located in the far field, a specific model has been 
developed for the formation of such surface echoes [12, 13] and has been integrated in 
CIVA. The emission-reception response of the transducer is evaluated on the surface 
following a method based, as Champ-Sons computations, on the Rayleigh's integral 
formulation, and the Kirchhoffs approximation is applied to describe the scattering of the 
irregularities. 
The model has been validated by comparison with experiments achieved on several 
specimen and with different probes. Figure 5 shows an example of a comparison between 
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computed and measured results: Bscan images, Echodynarme curves and Ascan signals. 
The controlled specimen schematized on the top of the figure is a block whose surface has 
been machined in order to dispose of a well-defined profile. The profile has been chosen to 
approach real cladded surfaces. lt is constituted of several grooves, each groove being 
composed of two circular arcs of different curvatures. The model gives very accurate 
predictions of the cladded surface echoes. 
a 
d) 
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Figure 5. Simulation of the inspection of a cladded component. a) scheme of the 
testing configuration; b) measured Bscan; c) predicted Bscan; d) echodynarriic curves; e) 
Aseans at the maximum amplitude. In d) and e) : ("' .... ) measured, (-) predicted. 
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SUMMARY 
Wehave presented in this communication the modeling capabilities of the CIVA 
system. Two main connected softwares, Champ-Sons and Mephisto, allow the prediction of 
A, B, or Cscans obtained in many conventional and less conventional testing 
configurations. Wehave described two representative applications of these tools. For 
industrial specific applications dedicated softwares based on the same models are 
developed. An example of a software, dedicated to modeling of on site inspection of PWR 
vessel has been given. At last, further modeling advances can be integrated in CIVA, e. g. 
the modeling of echoes from cladded surfaces. They take advantages of CIVA's data 
viewing and analysis tools. 
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